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ABSTWLY 

! I ,  tt ' -d i-9-acr idinvl- 1 ,6-tiexant?diami nc (tlSC 4 2 I 9  7 

was solubilized and lyophiliord €or parcntcral use in 

form of the methanesulfonate salt. Stability studies of  

the druq in solution of pll 3.0, 4.5 and 7.0 .jnd at h t l i  

25. and 7O'C were carried out and the druq was stable a t  ?So. 

A t  70.C eliqht deqradation was observed fn solritiocis ( i f  nli 

3.0 and 4.5, while extensive loss occurred at pll 7.0 with 

a half-life of 16.5 hours. The 1yophilized prcaar;ition was 

stable €or one week when rcconstitutcd w i t h  water and clilutad 

with 5 %  dextrose solution. PreciDitation of t!ie tlrricc .IS the 

hydrochloride oal t occurred when dilution u.1~ dwie v i  t l i  n o r -  

mal saline solution. Stability was rumitor(-d t is inat  h i i i l i  

performance liquid chronatnifraphy . 

*Present address: Pharmaceutical Chemistry Dqmrtmcnt, Facul t v  

of Pharmacy, University of Alexandria, Alexoiidria, Eqspt  . 
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Quinacrine has been used in the treatment of neoplastic: 

effusioirs1'2. 

tumor nuclei under 

nuclaic acids506. 

carrivr t o  ;JrolotO th.1 localization of boron into tumors €or 

neutron-cept*.ire rherapv. Recently, nitroqen mustard cnntaininq 

acridinen have shown antitumor activities . 

Certain acridinerr h a w  selectively localized in 

v& catx~itinfis~'~, intercalcatiny w i t 1 1  

7 
m w i R  and coworkers , w e d  acridine as a 

8-16 

Baaed on the classical studies of LehrmanS'' on tho 

Inkescaiation of proflavaine with DtJA and the kinetic studies 

of Crothero and coworkers Canellakis. Gt synthesized 
and studied the antileukeaic of a homoloyeaus 

serien of diacridinrs. N,N'-ai-Y~acridinyl-l,6-nexane~ia~in~~~~ 

was one oC this aeries 

L9 

The preaent study deals with the development of an 

acceptable soluble and stable parenteral dosaqe form suitable 

for experilwntal evaluation of the anticancer activity of 

coopound I. 

RESULTS AND DISCUSSION 

N,H~-di-9-acridinyl-L,b-heranadiaained~am~ne uaa supplisd in 

the base form which waa of limited aqueou8 solubility ( < <  0.1 
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ANT1Hb)PLASTIC ACEwl 413 

nq/ml). For experimental evaluation of the potential chemo- 

therapeutic utility of the drug, an intravenous solution was 

desired. In order to avoid the need for lonq term solution 

stability studies, fornulation of lyophilired product was 

decided upon. In view of the fact that I is ba6ic compound 

(PKa 101, initial attempts were aimed at the identification 

of a suitable water soluble salt. The aolubility of I w a s  mon 

itored a8 a function of pH in aqueous media containinq various 

acid8. The data obtained showed a maximum solubility in all 

cases at pH-7.0. The maximum solubilities observed, the pll of 

maximum solubility,and the acids c5ed are shown in Table I. 

In view of this solubility data, a fornulation containinq 

4 q/ml of I (as the acetate or methana8ulfonste salt) appeared 

to be reasonable. The acetate salt was prepared by dissolvinq 

the drug in excess acetic acid with heating. The solution was 

cooled and the salt was precipitated out of the solution by 

adding el.Ser. '=he product (m.p. 157-158.C) when analyzed for 

C,H,N, indicated the presence of 4 mole5 of acetic acid per 

Table I: Solubility of Compound I in Different Acids 

Acid and pH Solubility 
(mole/L) 

Solubility 
Product 

Hydrochloric acid 
(pH 6.7 - 7.0) 2.34 10" 1.28 x 

sulfuric acid 
(pli 6.96) 

citric acid. 
(pi1 7.44) 

acetic acid 
(pH 7312) 

1.06 x 1.12 x 10-8 

1.28 1.64 x 10" 

1.17 x i . 6  !C 

Methanesulfonic acid 1.15 x lo-' 1.52 x 
(ytt 7812) 
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4 14 BELTAGY, WII. AN0 BEPTA 

mule oL the druq in the crystall ina product. .the non-aqueous 

&termination of thu equivalent ueiyht of the salt ayreed w i t h  

the eiemental analysis Icalc. 355,  found: 347, one deter- 

ninatron). Compound I ( 4  u y / m l )  was formulated with acetic 

acid by freeze dryinq and when LhtJ lyophilized samples were 

recoiiy t i tu tcd u 1 t h wa tar , i ~ . c w p  1 ete di sso 1 ut ion occurred, 

rod the rolIlhlu phase exhibited pbl 8.2 suqqastiny that acetic* 

acid wds volatilized during the lyophilization process. 

I n  order to avoid the volatilization problem, we turned to 

the rtronqur and less volatile. aathaneaulfonic ac id .  The 

wthatwsuA Conata salt of the druq uaa prepared by the heaLinq 

dndb ( 0 , S  c ~ ~ 1 . l  WoLe) with the calculated amount of the a c i d  

( 9 . 3  ml. of 2 1 ,  2.2 Ilu(ole) in aqueoua solution. The salt 

produced was difficule to isolate in a dry crystalline form. 

Therefore, subsequent work involved the formulation of the 

s a l t  2 *. The druq ( 4  m q / m l )  war added to aqueous metharie- 

sulfonic a c i d  (in molar ratio o f  I : 2 )  contsininq 1% w / v  mannitol, 

~liquota (10 mi) of the resultinq solution (pu 4.3) were frozen 

and lyophilized. RedioMlution uaa rapid when water (10  nl) 

uas drlud to the lyophilized product. Reconstituted samoles 

when d d l o w t . d  to stand at ambient laboratory conditionsP, shawed 

no prucipitate formation over a three week period. Yhan such 

solution was diluced and analyzed by UPLC, no deqradation was 

detected eo have occurred. These results indicated that this 

prototype formulation w a s  promisinq and subsequent work was 

done usmq this fomulation. Incorporation of mannitoi (at 1% 

u/vl uas indicated in the formulation as a bulk agent and to 

did I n  thu formulation of a rapidly disaolvinq porous lyophilized 

cake. When mannitol was detected, the lyophilized product was 

found to be sticky and reconatituted only slowly. 
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AwlfnEownc n c m  4 15 

The HPLC method developed was suitable for  monitoring both 

I and its degradation products (Figure 1) and the resul ts 

for the analysis indicated the accuracy and the reliability of 

the chromatoqraphic system. 

The stability studies were concerned with the effect of 

light, pH, and temperature on the degradation of 1. The sta- 

bility of the druq was found not to b. affected by exposure 

to or protection from light under the selected conditions of 

pH and temperature. In aqueous aolution at 25.C and pH values 

of 3.G (0.01 H methanesulfonatet, 4.5 10.1.1 Y acetate) and 7.0 

(0.01 H phosphate), no loas of the druq or apoearance of de- 

i f 
0 

f 
: 
w 

- f 
Figure 1. High Performance Liquid Chromatography of solutions 

o f . N S C  219733; a) freshly prepared solution ( 3 5  ug/ 
ml), b) after 14 days at 70. ( 3 5  ug/nl) and pll 4.0, 
and c) after 14 days at 70. and pH 1 . 0  (15  uq/ml). 
Peak at c 15 ml in drug and peak at 10 mls is 
degradation product. 
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416 WAUGII, AND PSPTA 

gradation product was obtained over 1 davs. However at 7QeC, 

in the same solutions, soam degradation was observed at 

pll 3.0 and 4.5 over a 7 day period (Fiqure l b ) .  A t  pll 1 . 0 ,  

loss of the drug (Figure lc) occurred by an apparent first 

order proceaa which exhibited a half-life of 'b 16.5 hours 

(Figure 2 ) .  Whvn the lyaphiiized preparation ( 4  ~ o q / m I l  was 

reconstituted and maintained at 25.C. no dagradation was observed 

by UPLC analysis over one wvek period. 

Sincv many prducto for intravenous use are administered 

aa infuaion and are routinely diluted with parenteral vehicles, 

dilution ( 5 0  folds to give 0.08 mq/ml) of the reconstituted 

pcaluct with 5 9  daxtrose and normal saline solutions wars made, 

When the sample was diluted with 5 %  dextrose solution and stated 

4.00 

2.00 

I .oo 
0.10 

- 
a40 0 

E a20 

r' at0 
am 

a04 

a - 
1 

0. OI 

F 

P i q u e  2. Semilog plot o t  peak ares (corresponding to coneen- 
tration) of H S C  219733 remaining as a function of 
time fo r  a solution at 70' and pH 7.0. 
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AMIR~PtASTIC ACm 417 

at 25.C for one week, no dcqradation was detected. llowevet, 

as the dilution was done with normal saline solution, a pte- 

cipitate was formed at the mint of aixino the two solutions. 

After vigorous shaking. redisaolution appeared to occur, but 

after setting for one hour, a large amount of nrecipitate 

develawd and it did not redissolve. When this precipitate was 

separated and analyzed, as expected, founr to he the dihvrdro- 

chloride salt of I. On the basis of the soltrhility of the 

dihydrochloride salt (Table I )  , the K - (soluhility)3 .\. 
1.28 x lo'*. Thus in normal saline ([Cl'] = O.lS), the SOJU- 

bility of I would be expected to be only about 5 . 1  x lo"!. 

Consequently, dilution with saline is to be avoided. It is 

also worth considerinq whether or not intravenous administration 

of the raconstitutd product may be risky due &a the 

concentration of the chloride ion (0.1 M) present in the blood. 

Formation of a precipitate in vivo would be expected to be 

a function of the drug concentration of the administerad 

solution, the rate of administration and the effect o€ other 

constituanta of the hlood, e.g., pr-enins, etc. to retard or 

prevent precipitation. Such factors are best evaluated 

by actual in vivo studies in animals. 

SP 

In order to ascertain whether the product developed in 

this study will be ultimately clinically useful, the samples 

of the lyophilized product have been provided to the National 

Cancer Institute for animal studies. 

EXPERIMENTAL 

Reagent s t 

N,N'-di-9-acridinyl,1,6-hcxanediaraine (NSC 12197331, was used 

a8 supplied by the Drug Development Branch, National Cancer 
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418 BELTACY. UAUCLI, AND R W T A  

Institute. Hethanesulfonic acid frol Aldrich Chemical 

Company was used as obtained. All other chemicals vere 

dno lytical or chrooatoqraphic grades. 

Procecluren : 

Chroaatoqraphy: High performance liquid chromatography was 

performed usiny a Waters Associates Model 204 system toyethes 

uith a Varian CPS-111C integrator. The system utilized a 

(Waters Associates) iI-Bondapak C18 column. 

the w b i  la phase (methano1:almaonium dihydroqen phosphate 

O , i S  Pa of ytl 4.0 solution 11:l)) was 2 al/ninutr. Analysis 

vas carried out a t  ambiprnt temperature, detection uas at 

4 5 4  nm at a sensitivity of 0.05 AUPS, and the volume of the  

solution injected was 10 r l .  All quantitative measurements 

yore based on wasuremntr of peak area. 

The flow rate of 

A stock solution for the standard cuzve was prepared by 

diroolvinq compound I (10 mql  in 0.01 N hydrochloric acid 

( 2 0 0  nl), This solution was diluted as necessary with the 

s a m  solvent to yield the various concentrations required fos 

Constructing the Standard curve. The peak area of compound K 

was ploteed 2 the cotrespondinq concentration to g i v e  a 

linear relationship Iregrearion analyeis gave a d o p e  of 2,099 x 

l o @ ,  and intercept of 8 x and a correlation coefficient 

O t  i 0.999). 

Porwlation of CoPpound I: 

Water (358.5 nlt was added to compound I (1.5184 q, 3.227 -la) 

and unnitol (3.8 g) and rtr mixture was treated with 2% (v/v) 

of nrthanesulfonic acid (21.48 01, 6.454 mHole). The solution 

was kept in a aoaic bath for 1 hour to aid dissolution, axad 

thr resultinq nolution was paned through a membrane filtar 
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4 19 A N T I r n P L A s t l C  Acm 

(type SS Millipore, 3.0 P I .  

was 4.30. Aliquots 110 m l )  of the filtered solution were 

placed in 30 ml vials, flash frozen in a mixture of acetone 

and solid carbon dioxide and transferred to a freeze dryer 

in which the shelf temperature was -40.C. When the initial 

dryinq cycle W I S  completed (shelf temperature reached zero), 

the samples uere subjected to secondary dryinq for an additional 

5 hours. The temperature was allowed to rise to ambient 

conditions and the vials uere stoppered and sealed. Analysis 

of the lyophilized product involved addition of 10 nls of 

water to each vial to be analyzed. An aliquot was removed 

and diluted 100-fold with 0.01 N hydrochloric acid. A portion 

of this solution was then analyzed by HPLC for colapnund I. 

The pll bE the filtered solution 

Stability Studies of Compound I in Buffer Solutions of pH 3.0, 

4.S and 7.0 at 25. and 70.C 

Compound I wa8 dissolved in the selected buffer solution (1.5 x 

10'' -/a1 for pi1 7.0, 3.5 x 

lof2 q / m l  for pH 3.0). 

into 2 qroups with one being protected from liqht (by wrapping 

in foil). All eamples were placed in a constant temperature 

bath at either 25.C or 70.C and samples were withdrawn and 

inmediately frozen at various times over a period o €  one 

week. All samples were subsequently thawed and analyzed at 

the same time. The stability study of the reconstituted 

solution after dilution with dextrose solution. The stability 

of drug in dextrose solution involved reconstitution O E  il 

vial of lyophilized product with 10 nl water. An aliquot 

(2 m l )  was diluted to 100 m l  with 5t dextrose solution and 

the solution uas maintained at 25. for one week. 

mg/n1 for pit 4.5 and 3.9 x 

The solutions obtained were divided 
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